Superior cluneal nerve (SCN) entrapment neuropathy is a known cause of low back pain. Although surgical release at the entrapment point of the osteofibrous orifice is effective, intraoperative identification of the thin SCN in thick fat tissue and confirmation of sufficient decompression are difficult. Intraoperative indocyanine green video angiography (ICG-VA) is simple, clearly demonstrates the vascular flow dynamics, and provides real-time information on vascular patency and flow. The peripheral nerve is supplied from epineurial vessels around the nerve (vasa nervorum), and the authors now present the first ICG-VA documentation of the technique and usefulness of peripheral nerve neurolysis surgery to treat SCN entrapment neuropathy in 16 locally anesthetized patients. Clinical outcomes were assessed with the Roland-Morris Disability Questionnaire before surgery and at the latest follow-up after surgery.
Indocyanine green video angiography was useful for identifying the SCN in fat tissue. It showed that the SCN penetrated and was entrapped by the thoracolumbar fascia through the orifice just before crossing over the iliac crest in all patients. The SCN was decompressed by dissection of the fascia from the orifice. Indocyanine green video angiography visualized the SCN and its termination at the entrapment point. After sufficient decompression, the SCN was clearly visualized on ICG-VA images. Low back pain improved significantly, from a preoperative Roland-Morris Questionnaire score of 13.8 to a postoperative score of 1.3 at the last follow-up visit (p < 0.05). The authors suggest that ICG-VA is useful for the inspection of peripheral nerves such as the SCN and helps to identify the SCN and to confirm sufficient decompression at surgery for SCN entrapment. 
Methods

Our Criteria for the Diagnosis of SCN Entrapment Neuropathy
Elsewhere 8 we have proposed criteria for the diagnosis of SCN entrapment neuropathy; the criteria include unilateral LBP involving the iliac crest and buttock, a trigger point over the posterior iliac crest located 7 cm from the midline (corresponding to the nerve compression zone), and numbness and radiating pain in the SCN area upon compression of the trigger point. While symptom relief in more than 75% of patients was obtained within 2 hours of inducing local nerve block by injecting 2 ml of 1% lidocaine at the trigger point in the buttocks, 5,6,13 some patients reported pain recurrence after the analgesic effect of the test injection wore off.
All patients gave prior written consent for participation in this study. All had undergone unsuccessful conservative treatment including perioral medication and SCN block. We excluded patients in whom pain relief was achieved by conservative treatment. None of the treated patients had undergone iliac crest harvest for grafting, had suffered trauma to the affected area, or reported rapid weight gain associated with the onset of SCN entrapment neuropathy.
Patient Population
We followed 16 patients with SCN entrapment neuropathy. The 6 men and 10 women, ranging in age from 38 to 82 years (mean 63 years), underwent surgery performed by the senior author (T.I.) between February 2012 and July 2012. The affected side was unilateral in 7 patients and bilateral in 9 patients. The duration of symptoms from onset to treatment averaged 41 months (range 6-168 months). We carefully assessed our patients to ascertain that their LBP was attributable to SCN entrapment. The mean postoperative follow-up period was 12 months (range 9-14 months).
Indocyanine Green Video Angiography
We performed decompression surgery under a surgical microscope (OPMI Pentero, Carl Zeiss). For intraoperative ICG-VA, we intravenously injected 5 mg ICG as a bolus. 9 The angiographic images were observed on a video screen in real time and recorded by a video camera attached to the microscope.
Surgical Technique
As we have reported elsewhere, 8 with the patient placed prone and under local anesthesia, we performed microsurgical release of the SCN entrapment. We made a 5-cm-long skin incision across the trigger point located 7-8 cm from the midline on the iliac crest. We then carefully dissected the subcutaneous soft tissue and identified the SCN with a nerve stimulator placed on the fat layer over the subcutaneous space. Because the SCN is thin and buried in a fat layer, its identification can be difficult. In such cases we use ICG-VA because it helps to identify the SCN as a line buried in the fat layer.
The SCN slants from caudolateral to rostromedial and penetrates the thoracolumbar fascia through the orifice just before crossing over the iliac crest. The SCN, observed on ICG-VA images before decompression, appears as a line that stops at the entrapment point. After sharply cutting the thoracolumbar fascia of the orifice with microscissors in a distal to rostral direction along the SCN to release its entrapment, we confirm decompression of the SCN by its posterior bulging. We then cut the thoracolumbar fascia until we reach a point where the SCN is free of kinks. We reconfirm decompression by looking for a blood vessel on ICG-VA images.
Evaluation of Treatment Outcomes
Clinical outcomes were assessed with the RMDQ before surgery and at the latest follow-up after surgery. For statistical analysis, we subjected our data to the paired t-test using Statmate III software (ATMS Co. Ltd.). Differences of p < 0.05 were considered to indicate statistical significance.
Results
During surgery for SCN entrapment, we acquired ICG-VA images 3-5 times. When the SCN was identified in a subcutaneous area after dissection, we did not perform ICG-VA. Of 25 SCNs, IGC-VA identified 3 that were not found under the microscope. All 25 nerves penetrated the thoracolumbar fascia through the orifice just before crossing over the iliac crest. Superior cluneal nerve entrapment by the fascia was severe in all patients, and the SCN was decompressed by dissection of the fascia from the orifice. We acquired ICG-VA images before and after decompression of the SCN. Indocyanine green video angiography demonstrated not only the vasa nervorum but also normal veins in the fat tissue. Normal veins were observed in the dark field of ICG-VA images. Although the vasa nervorum tended to be recognizable as linear structures, their precise identification required observation under the microscope.
Visualization of the vasa nervorum was improved in all cases upon decompression of the SCN. On ICG-VA images, the appearance of the SCN changed from a faint line before to a clear bright line after complete release of the entrapped SCN. Indocyanine green video angiography showed that of the 16 patients with 25 SCNs, 4 required further decompression; 3 of these patients presented with 2 SCN branches and the other with 3 branches.
There were no local or systemic complications during or after the operation. All patients reported symptom improvement after the decompression during surgery; none experienced postoperative worsening of their symptoms. Based on the RMDQ scores, all patients had significant improvement at the last follow-up (p < 0.05). The RMDQ scores before surgery and at the last follow-up visit were 13.8 and 1.3, respectively.
Illustrative Cases
Case 1
In this 82-year-old man with a 2-year history of LBP, several observation therapies had failed and his LBP interfered with his daily activities. He presented at our institute with LBP and had difficulty standing, sitting, and walking. A diagnosis of SCN entrapment neuropathy was made. As SCN block resulted in only transient pain relief and as subsequent treatments failed, we decided to perform surgery.
Despite a careful search, we were unable to find the SCN in the fat tissue. When we performed ICG-VA, we were then able to identify the SCN as a thin line in the fat tissue (Fig. 1A and B) . It penetrated the thoracolumbar fascia through the orifice and was discernible on ICG-VA images (Fig. 1C and D) . After opening the orifice with microscissors in the distal to rostral direction along the SCN, the released SCN was clearly visualized on ICG-VA images (Fig. 1E and F) . Intraoperatively, his radiating pain could not be elicited by manual direct compression of the SCN. His LBP immediately improved after the operation and he suffered no recurrence in the 12 months following this treatment. His RMDQ score improved from 9 of 24 to 2 of 24 at the final follow-up.
Case 2
This 65-year-old man with a 1-year history of LBP had been conservatively treated elsewhere with medications. However, his pain gradually increased, and he presented at our institute with LBP and had difficulty standing, sitting down, and sitting for prolonged periods. His LBP was diagnosed as SCN entrapment neuropathy. Because SCN block yielded only transient pain relief and subsequent treatments failed, he underwent surgery. We first addressed his right SCN entrapment neuropathy because it produced the greater degree of pain.
The SCN and its branch penetrated the thoracolumbar fascia through the orifice just before crossing over the iliac crest. We opened the orifice with microscissors in the distal to rostral direction along the SCN and performed ICG-VA. The SCN was clearly visualized, but the branch was poorly visualized ( Fig. 2A-C) . After dissection in the distal direction along the SCN branch, the ICG-VA image showed the released SCN branch clearly (Fig. 2D-F) . Intraoperative manual direct compression of the SCN failed to elicit radiating pain. One week later, we released the SCN entrapment on the right side. His LBP improved immediately and he suffered no recurrence in the 11 months following this treatment. His RMDQ score improved from 19 of 24 to 0 of 24 at the final follow-up.
Discussion
The SCN can be entrapped at the osteofibrous orifice where it penetrates the thoracolumbar fascia and produces LBP. [4] [5] [6] [7] [8] In fact, 1.6% 6 to 12% 4 of all LBP is due to SCN entrapment neuropathy. Surgical release at the point where the SCN exits through the osteofibrous orifice has been reported as effective. 6, 8, 11 In some cases, intraoperative identification of the SCN is hampered by its thinness and its subcutaneous location after it penetrates through the orifice in an area with much fat tissue. We found that an incision placed at the trigger point and nerve stimulation under a microscope, while time-consuming, aids in the identification of the SCN.
As ICG-VA clearly demonstrates, vascular flow dynamics can help in the selection of appropriate surgical procedures. It is simple, provides real-time information on the patency of arterial and venous vessels and their flow, 1, 9, 10 and is a useful adjunct to improve the quality of neurovascular procedures and to document the vascular flow intraoperatively.
10 Vessels around the peripheral nerve (vasa nervorum) provide its blood supply. In this study, we are the first to document that the vasa nervorum of the peripheral nerve can be visualized on intraoperative ICG-VA images and that they show improved vessel flow around the SCN upon its release from entrapment. Consequently, ICG-VA may be a useful tool in peripheral nerve surgery. It may also be highly useful for the surgical treatment of patients with tibial nerve entrapment at the tarsal tunnel and ulnar nerve entrapment at Guyon's canal. These surgeries are not common and it can be difficult to ascertain complete decompression of thin nerves. In addition, ICG-VA may be of use in more common peripheral nerve surgeries involving comparatively thick nerves such as the median nerve, ulnar nerve, and peroneal nerve.
For the intraoperative determination of sufficient Nonetheless, other indices of sufficient SCN release are desirable because not all patients recognize pain disappearance immediately and the surgeon's experience is needed for the complete release of the SCN. Moreover, surgical results tend to be unsatisfactory in cases without visible nerve compression, and the entrapped nerve may not be addressed due to the presence of branches.
6 Based on our experience with ICG-VA, the disturbed blood flow in the vasa nervorum due to entrapment of the SCN and/ or its branches improves upon vessel release. Ischemia of the peripheral nerve results in nerve damage and peripheral nerves with long axons are fed by the accompanying blood vessels (vasa nervorum).
2,3,14 Therefore, for the treatment of peripheral nerve anomalies, knowledge about the vasa nervorum supplying nutrients to these nerves is important;
2 for the release of peripheral entrapment, the nerve structure and criteria for improved nerve blood flow from the vasa nervorum must be understood. Consequently, it is reasonable to confirm improvement in the blood flow of the vasa nervorum upon release from entrapment. Indocyanine green video angiography can demonstrate the vasa nervorum clearly and is the optimal technique to confirm release of peripheral nerve entrapment.
Our study has some limitations. The number of patients was small, and the postoperative follow-up period was relatively short (mean 12 months). Because the diagnostic area of ICG-VA is limited to the field of the surgical microscope and because several structures may interfere with visualization of the SCN, a certain amount of dissection is required. Also, in patients suffering recurrence, the presence of scar tissue may render the subsequent identification of the SCN on ICG-VA images difficult. In addition, as the ICG dye contains iodine, it cannot be used in patients allergic to iodine.
To validate the usefulness and safety of ICG-VA in patients undergoing SCN decompression surgery, cohort studies must be performed. Nonetheless, because ICG-VA is easy and less invasive and provides important information for surgery, we suggest that it is useful in procedures that address peripheral nerve entrapment.
Conclusions
Our findings suggest that ICG-VA is useful for observing peripheral nerves such as the SCN. For SCN entrapment surgery, ICG-VA helps to identify the SCN and its branches and to confirm sufficient nerve decompression.
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